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Abstract 

Background: High functioning autism is an autism spectrum disorder that is characterized by deficits in social interaction 
and communication as well as repetitive and restrictive behavior while intelligence and general cognitive functioning are 
preserved. According to the weak central coherence account, individuals with autism tend to process information detail- 
focused at the expense of global form. This processing bias might be reflected by deficits in sensorimotor gating, a 
mechanism that prevents overstimulation during the transformation of sensory input into motor action. Prepulse inhibition 
is an operational measure of sensorimotor gating, which indicates an extensive attenuation of the startle reflex that occurs 
when a startling pulse is preceded by a weaker stimulus, the prepulse. 

Methods: In the present study, prepulse inhibition of acoustic startle was compared between 17 adults with high 
functioning autism and 17 sex-, age-, and intelligence-matched controls by means of electromyography. 

Results: Results indicate that participants with high functioning autism exhibited significantly higher startle amplitudes than 
the control group. However, groups did not differ with regard to PPI or habituation of startle. 

Discussion: These findings challenge the results of two previous studies that reported prepulse inhibition deficits in high- 
functioning autism and suggest that sensorimotor gating is only impaired in certain subgroups with autism spectrum 
disorder. 
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Introduction 

In Leo Kanner's [1] original description of autism, he made the 
following observation: 

"Another intrusion comes from loud noises and moving 
objects, which are therefore reacted to with horror. 
Tricycles, swings, elevators, vacuum cleaners, running 
water, gas burners, mechanical toys, egg beaters, even the 
wind could on occasions bring about a major panic. (...) Yet 
it is not the noise or motion itself that is dreaded. The 
disturbance comes from the noise or motion that intrudes 
itself, or threatens to intrude itself, upon the child's 
aloneness." (p. 245) 

In fact, about 90% of children with an autism spectrum disorder 
(ASD) exhibit sensory abnormalities [2,3,4]. Many of those 
show auditory hypersensitivity [5,6,7]. It was suggested that 



hypersensitivity is associated with an exceptional attention to detail 
in autism [5]. The weak central coherence theory of autism 
hypothesizes that the detail-focused processing style in children 
and adults with autism leads to a failure of central processing, 
which involves difficulties to extract global form or meaning [8]. 
Research regarding acoustic stimulation suggests that persons 
suffering from ASD are less susceptible to interference from 
melodic structure in music processing and to interference from 
visual to auditory perception (i.e. the McGurk effect). In addition, 
persons with autism show superior pitch and loudness processing 
and less distinctive auditory filtering [9,10]. Behavioral experi- 
ments showed that persons with ASD require a higher signal-to- 
noise ratio in comparison to control subjects to perceive noise or 
speech [11,12,13]. In addition, individuals with ASD have 
difficulties ignoring distracting sounds in peripheral spatial 
locations [14] and segregating incoming sounds [15]. 

Abnormal sensory processing may lead to sensorimotor 
integration deficits [16], which have been shown across different 
sensory modalities in ASD [17]. Sensorimotor gating is an 
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adaptive mechanism that prevents overstimulation within the 
transformation of sensory input into motor action [18]. Abnor- 
malities of motor behavior are highly prevalent in autism and have 
a great impact on everyday life abilities [19]. However, the 
etiology of these symptoms remains unclear [20]. 

In the present study, prepulse inhibition (PPI) of the acoustic 
starde reflex is used as a proxy of sensorimotor gating. PPI 
indicates an extensive attenuation of the starde reflex that occurs 
when a starde eliciting stimulus, the pulse, is preceded by a weaker 
stimulus, the prepulse, within a timeframe of 30-500 ms [21]. 
More than 90% of healthy subjects show a reduction of 40-80% of 
the starde reflex, if a pulse is preceded by a prepulse that does not 
elicit a startle response itself [22]. The protection of processing 
hypothesis proposes that the processing of sensory stimuli is 
protected against interference through other irrelevant or 
distracting stimuli by preattentive mechanisms [21]. 

The present study aimed at exploring sensorimotor gating in 
high functioning autism (HFA), a subgroup of ASD that is 
characterized by social and communication deficits as well as 
repetitive, restrictive and stereotyped behavior, interests, and 
activities with preservation of intelligence and general cognitive 
functioning [23]. 

We could identify five studies that focused on PPI deficits in 
ASD patients. McAlonan and colleagues [24] as well as Perry and 
colleagues [25] found attenuated PPI in adults with high 
functioning autism and Asperger syndrome. In contrast, three 
other groups did not find any significant differences in PPI in 
samples that included children [26] or children as well as 
adolescents [27,28]. Motivated by the inconsistent literature and 
with the idea that repetitive thoughts, behavior and activities 
might be a product of malfunctioning inhibition, it seemed 
important to us to conduct a study of high methodological quality 
in order to examine processing of auditory startle stimuli in a 
clearly defined subgroup of ASD patients. Derived from the above 
mentioned considerations we hypothesize that: participants with 
HFA will exhibit higher amplitudes of the startle reflex accom- 
panied by reduced PPI in comparison to healthy controls. 

Materials and Methods 

The study was approved by the local ethics committee of the 
Medical Faculty of the University of Cologne, and conducted in 
accordance with the declaration of Helsinki. The ethics committee 
was also involved in compiling the patient information and 
consent form. All subjects were informed in speech and writing 
about the purpose and procedure of the study and had to give their 
written informed consent in order to participate. Also approved by 
the local ethics committee, a very experienced psychiatrist and 
expert in the field of autism spectrum disorders (KV) gave the 
diagnosis and assessed the capacity of each participant to give his/ 
her consent. As further support of the evaluation and for 
diagnostic purpose an intelligence test has been conducted with 
each participant (German multiple choice test Wortschatztest 
(WST)) to confirm ability to give consent. We did not obtain 
any surrogate consents. 

Materials 

Autistic traits were estimated using the self-assessment ques- 
tionnaire autism quotient (AQ) as screening instrument [29]. 
Empathy was measured by the self-report questionnaire empathy 
quotient (EQ) [30], and the tendency to systemize was acquired 
using the self-report questionnaire systemizing quotient (SQ) [31]. 
The Beck Depression Inventory (BDI) [32] was completed by all 
participants in order to measure depressive symptomatology. 



Intelligence was measured using the German multiple choice test 
Wortschatztest (WST) [33], which provides a short and valid 
estimation of general intelligence [34]. In addition, participants 
were asked to fill out a questionnaire, which included questions 
about any regular intake of medication, and the frequency and last 
point of time they consumed caffeine, alcohol, cannabis, and other 
drugs. 

Subjects 

23 subjects with HFA and 23 normal control (NC) subjects (both 
groups: 7 women, 1 6 men) were assessed. The experimental group 
was diagnosed and recruited in the Autism Outpatient Clinic of 
the Department of Psychiatry, University of Cologne. The 
diagnosis was made by two experienced clinicians in two 
independent interviews (one of them KV) according to the 
International Classification of mental disorders [23] and supple- 
mented by comprehensive neuropsychological assessment. Only 
individuals with the diagnosis of HFA (F84.5) were included into 
the sample. Formally, criteria of the DSM-IV [35] for HFA were 
met as well. 

Control subjects were matched to sex, age, and intelligence 
scores of the experimental group. In our screening procedure, 
none of the control subjects had a BDI score above the clinically 
critical value of 17 [36] or an AQ above the cutoff score of 32 
suggested by Baron-Cohen, Wheelwright, Skinner, Martin, and 
Clubley [37]. None of the control subjects showed any signs or 
symptoms of any possible psychiatric comorbid disorder. Accord- 
ing to self disclosure, none of the participants suffered from any 
kind of hearing impairment. All of the subjects had an intelligence 
quotient (IOJ above 70 (see table 1). 

Three of the subjects with HFA and three of the NC subjects 
had to be excluded from the data analysis because they did not 
exhibit sufficient starde responses and were thus classified as non- 
responders. One participant with HFA had to be excluded from 
further data analysis because he fell asleep during the test sessions, 
and one data set of an HFA subject was not usable due to technical 
malfunction. Additionally, one of the subjects with HFA and three 
of the NC subjects were excluded because visual inspection of the 
data indicated starde responses to the prepulses and PPI was 
therefore not reliably calculable. 

Thus, n = 17 subjects with HFA and n = 17 NC subjects (each 
with 5 women, 12 men) remained in the sample (Table 1-3). 
There were no significant group differences regarding age, 
intelligence, and years of education. However, the HFA group 
showed significantly higher BDI scores than the control group. In 
addition, participants with HFA showed significantly higher AO_ 
and SO_ scores, and significantly lower EO_ scores than NC 
participants. 

Procedure 

The starde reflex was measured in a quiet laboratory by means 
of an EMG of the musculus orbicularis oculi (EMG SR-HLAB, 
San Diego Instruments, San Diego, CA). To this end, two 
miniature electrodes were placed below and next to the 
participant's right eye, and a ground electrode was placed behind 
the right ear. Participants were briefed to sit quietly in an armchair 
and to fix their gaze on a spot. The stimulus material was 
presented binaurally through headphones (TDH-39-P, Maico, 
Minneapolis, MN). During the course of the measurement, 
background white noise of 70 dB was presented. Acoustic stimuli 
consisted of bursts of broadband white noise. Startle eliciting 
stimuli were presented for 40 ms at intensities of 1 1 0 dB with 
uncontrolled instant rise time, while prepulses were presented for 
20 ms at 80 dB. Each PPI session started with a 5 min acclimation 
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o. period of white noise. The first and the last block of the 

c measurement comprised 5 pulse-alone trials. Intermittently, 10 

S pulse-alone trials, 10 prepulse-alone trials, and 30 prepulse-pulse 

£ trials were presented in a pseudorandom order. Prepulse-pulse 

E stimulus onset asynchronies (SOAs) varied between 60, 120, and 

■™ 240 ms. Intertrial intervals were 10, 15, 20, or 25 sec. Each trial 

£ was preceded by a baseline period of 60 ms, starting 80 ms before 

S the stimulus onset, 
o 

a 

s Data analyses 

| EMG data were analyzed using a Matlab program (MathWorks, 
S, Inc., Natick, MA) that was developed in our clinic in order to 
ii visually inspect and calculate PPI data. Recorded EMG activity 
CJ was high-pass filtered at 30 Hz and low-pass filtered at 300 Hz 
£ using a 4 th order butterworth filter, and a 50 Hz notch filter with a 
g width of 6 Hz was used to reduce power line interference (hier 
a bitte den van Boxtel Artikel zitieren). The EMG signal was then 
-£= rectified and smoothed using a 10 point moving average. By 
|- means of visual inspection, any trial featuring excessive noise in the 
^ EMG signal or a spontaneous blink in the period immediately 
a preceding the stimulus onset or the minimal response onset were 
g excluded from further analyses. Based on these criteria, 9.44% of 
S trials had to be excluded from data analysis. In addition, the first 
§ two pulse-alone trials of each PPI measure were excluded from the 
f, analysis, as it was assumed that these trials evoke unrepresenta- 
ble tively high startle amplitudes [38]. 

ii Criteria for qualifying the EMG signal as an actual startle 

< response were defined in accordance with guidelines for human 
starde eye blink EMG studies [38] . The latency window was set at 

£ 20 to 150 ms after pulse onset, and the minimum response 

£ amplitude was set at 2 SB above baseline. The response peak was 

.2 identified by a computerized algorithm. If visual inspection 

!C indicated that response onset was outside the latency window or 

oj the criteria for minimal response size was not met, the trial was 

-g classified as a zero response trial. These trials were not considered 

m in the calculation of the specific values. Participants were identified 

- as non-responders and therefore excluded if they exhibited startle 
™ responses in less than half of the pulse-alone trials. Participants for 
£ whom visual inspection of the prepulse-alone trials revealed 
§ distinct reactions to the prepulses in half or more of the trials were 
<u excluded as well. 

u 
c 

CD 
O) 

% Statistical analyses 

— A commercial software package was used for statistical analysis 
o of the data (SPSS for windows, version 21, IBM Corp., Armonk, 
| NY). 

S Starde amplitudes. Mean startle amplitudes were calculated 

-i by averaging the response peaks of all included trials, and 
compared between groups using an unpaired Student's Hest. 

% Differences in startle amplitudes within the different trial 

^ conditions were compared by means of a one-way repeated- 

c measure ANOVA. In addition to startle amplitudes we calculated 

S 5 the response probability, the probability that a valid startle 

% £ response follows the startle eliciting pulse. The response probabil- 

g <q ity is given in percent. 

'§ g PPI. Percentage PPI values were calculated according to the 

Si c following formula: 100 - [(mean amplitude prepulse trials/mean 

E q- amplitude pulse alone trials) x 100]. Besides comparing PPI 

'6 £ between the HFA and NC group, PPI group differences were 

~B j2, assessed using three different one-way repeated measures ANO- 

5>S p- VAs, including the between-subjects factor of group (1. male/ 

ii ^° 5 female; 2. smoker/non-smoker; 3. HFA/NC), and within-subjects 

i£ > '5 repeated measures of PPI across the different trial types. Mean 
starde amplitude across all pulse-alone trials was included as a 



3 



March 2014 | Volume 9 | Issue 3 | e92372 



Prepulse Inhibition in High Functioning Autism 



Table 2. Comorbid psychiatric disorders. 





Number of participants (group) 


Psychiatric disorder 


1 (HFA) 


Bipolar disorder 


1 (HFA) 


Depression 


1 (HFA) 


Dysthymia 


1 (HFA) 


Anxiety Disorder 


2 (HFA) 


ADHD 


1 (HFA) 


ADD 



HFA= High functioning autism; ADHD = attention deficit/hyperactivity disorder; ADD = attention deficit disorder. 
doi:1 0.1 371 /journal.pone.0092372.t002 



covariate. Furthermore, PPI differences across all three types of 
trials were calculated using Student's f-tests. 

Correlations between PPI and autistic traits. To assess 

the relationship between PPI and autistic traits, the AQ, EQ, and 
SQ_ scores of the HFA subjects were correlated with percentage 
PPI of the three trial types using the Pearson's correlation 
coefficient. 

Habituation. Primarily, group differences in habituation of 
the startle response across all pulse-alone trials were calculated. To 
this end, the altogether 20 pulse-alone trials were split into four 
blocks of five trials each. A one-way repeated measures ANOVA 
was conducted, including the between-subjects factor of diagnosis 
(HFA/NC) and the within-subjects factor of mean startle 
amplitude of the four pulse-alone blocks. Additionally, the overall 
habituation rate was examined by calculating the percent decrease 
from mean startle amplitude in the first five pulse-alone trials to 
mean amplitude in the last five trials and compared between 
groups by means of an unpaired Student's Hest. 

Before conducting the ANOVAs, the assumption of sphericity 
was tested for the data, and degrees of freedom were corrected 
using Greenhouse-Geisser estimates of sphericity, if necessary. 
Effect sizes for ANOVAs were calculated using r\ part iai, effect sizes 
for post-hoc pairwise comparisons were calculated using Cohen's 
d. 

Results 

Startle amplitudes 

Analysis of starde amplitudes for pulse-alone trials revealed 
significantly higher startle amplitudes (M= 179.1, SD= 146.93) for 
HFA patients than control subjects (Af=96.6, SD = 62.93), 
7^32) = 2.13, p=.04\. The mean response probability for a 

Table 3. Medication. 



significant starde amplitude in pulse alone trials for the HFA 
group (M= 93.66 SD — 9.04) was significantly higher compared to 
the control group (M=80.52, SD= 18.81), 7(32) = 2.6, p= .014. 

PPI 

Examining PPI differences between the HFA and NC group, 
Mauchly's test of sphericity was not significant, % 2 = .17, df=2, 
p — .435. There was a significant main effect of trial type (60/120/ 
240 ms SOA), 7^2) = 3.35, /> = .041, r| 2 1>ilrtM = .098. Post-hoc 
pairwise comparisons indicated that PPI was significantly lower 
in trials with an SOA of 240 ms than in those with an SOA of 
60 ms, />= .015, </=.61, and 120 ms, p= .001, d= .63 (Rvalues 
were Bonferroni adjusted). 

However, there was no significant effect of mean startle 
amplitude across pulse-alone trials, F{\) — .?>0, p — .b^O, and no 
significant interaction of startle amplitude and trial type, F[2) = .12, 
p — .887. Equally, there was no significant main effect of diagnosis 
on PPI, FIX) = .02, p — .819, and no significant interaction of 
diagnosis and trial type, F[2) = A3, p = All . Figure 1 shows the 
PPI values of HFA and NC subjects across the three different types 
of trials. Likewise, there were no differences in overall PPI between 
participants with HFA (A/=32.5, £0 = 31.11) and control 
participants (M = 36.8, SD = 22.1 1), T(32) = .46, p = .649. 

The response probabilities for the prepulse trials did not differ 
significandy between the HFA Group (Af= 84.18, SD- 18.73) and 
the controls (M= 72.66, SD- 24.18), 7(32) = 1.55, p- .13. 

Correlations between autistic traits and PPI 

There were no significant correlations between AOj EQ^ and 
SO_ scores and PPI in the different trial types among HFA 
participants (all p>A). 





Number of participants 


Medication 


5 (HFA), 1 (NC) 


Antidepressant drug (2x Sertraline, 2x Mirtazepine, 


1 x Citalopram, 1 x Moclobemid) 


2 (HFA), 1 (NC) 


Beta blocker (1 x Bisoprolol, 1 x Metahexal, 


1 x Mesoprolol) 


1 (HFA), 1 (NC) 


Irbesartan 


1 (NC) 


Ramiprile 


1 (HFA) 


Lamotrigine 



HFA= High functioning autism; NC= normal controls. 
doi:1 0.1 371 /journal.pone.0092372.t003 
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PPI Scores 




Figure 1. PPI scores. Mean PPI scores (± SEM) across the three trial conditions in subjects with high functioning autism (HFA) and normal control 
(NC) subjects. 

doi:1 0.1 371 /journal.pone.0092372.g001 



Habituation 

Mauchly's test indicated that the assumption of sphericity was 
not met for startle amplitude scores, x Z = 23.52, df=5, /><.001. 
Therefore, degrees of freedom were corrected using Greenhouse- 
Geisser estimates of sphericity. Results showed that the startle 
amplitude was significantly affected by block, F[2) = 30.32, p< 
.001, impartial = -4-86, indicating habituation across the four blocks 
of pulse-alone trials. Pairwise comparisons determined that the 
mean startle amplitude decreased from the first block to the 
second, /><.001, d = .47, to the third, p<Ml, d- .67, and to the 
fourth block, /><.001, d= .75. In addition, the startle amplitude 
significantly decreased from the second to the fourth block, p< 
.001, d=.3l (/^-values were Bonferroni adjusted). Data analysis 
also revealed a significant main effect of diagnosis, i^l) = 4.67, 
/> = .038, r| partial = -127, reflecting the differences in startle 
amplitude between HFA and NC participants. However, there 
was no significant block-by-group effect, F[2) = A9, p = .834. 
Visual inspection confirmed that the two groups had similar 
decreases in startle amplitude over the four blocks (see figure 2). 

Analysis of overall percentage habituation from block 1 to block 
4 did not show significant differences between HFA (Af=48.0, 
SO =26.31) and NC participants (M=52.1, SD = 25.13), 
7(32) = .47, ^ = .641. 

Discussion 

The present study assessed auditory sensorimotor gating by 
means of the acoustic startle reflex in subjects with HFA. Our 



results indicate significantly higher mean startle amplitudes in the 
HFA group and for the pulse alone condition significantly higher 
response probabilities compared to the control group. But groups 
did not differ significantly in terms of PPI, neither in the different 
SOA trial types, nor across all trials. 

Startle amplitude 

Increased startle amplitudes among HFA subjects may be 
caused by auditory hypersensitivity, which often occurs in autism 
[5] . Abnormalities in the processing of auditory information were 
also shown by neurophysiologic studies finding atypical neural 
activity in early auditory pathways in ASD [39]. Magnetoenceph- 
alography studies have linked auditory hypersensitivity to matu- 
rational abnormalities in the auditory cortex in autism, resulting in 
delayed responses of the auditory cortex to acoustic stimuli [40], 
and abnormalities in myelination processes, causing slower 
transmission rates in central auditory pathways [41,42]. In 
addition, reduced interneuron activity might lead to abnormal 
brain connectivity, which might in turn cause cortical hypersen- 
sitivity in the primary auditory cortex [43] . 

PPI 

The other major hypothesis could not be proven by our results. 
Bearing in mind the weak central coherence theory of autism we 
hypothesized, subjects with HFA would show PPI deficits in 
comparison to the control group. But in accordance with three 
other studies [26,27,28] our results indicate that PPI does not 
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0 i 1 1 1 1 

block 1 block 2 block 3 block 4 

Figure 2. Startle amplitudes and habituation rates. Habituation rates across the four blocks of trials in the high functioning autism (HFA) and 
normal control (NC) group. Mean startle amplitudes (± SEM) of each five pulse-alone trials are shown. HFA participants showed significantly higher 
absolute startle amplitudes compared to NC participants, while habituation rates were similar. 
doi:1 0.1 371 /journal.pone.0092372.g002 



differ between the HFA and the NC group. However, the 
aforementioned studies examined PPI in samples of children and 
young adults of different age on the autistic spectrum. As PPI is 
thought to mature with advancing age in childhood [44], PPI 
deficits might vary between children of different age groups, or 
may not be observable in children at all. 

So far, only one study explicidy focused on adults with HFA 
[24]. The authors found significant PPI differences between 
subjects with HFA and the control group in only one condition 
(SOA 120 ms), while PPI in the HFA group was similar to or even 
higher than that of the control group in the other conditions (SOA 
30 and 60 ms). In contrast, Perry et al. [25] found significantly 
reduced PPI in subjects with high-functioning autism in compar- 
ison to control subjects in the SOA 60 ms condition, but not in the 
SOA 30 and 120 ms conditions. However, these authors did not 
report the specific diagnoses of their participants. It must be 
emphasized that our cohort differs from the autism groups of 
previous studies in terms of age, sex, and IQ. These differences 
might have implications for our results. For example, our cohort 
has a higher mean IO_ compared to previous studies, this might 
imply that our cohort is composed of pure HFA and not 
confounded by low intelligence or other cognitive dysfunctions. 

Habituation 

Even though individuals with HFA exhibited higher startle 
amplitudes than control subjects, habituation rates were similar in 
both groups. This finding is consistent with those of Ornitz et al. 
[27] and [24], who did not find any differences in habituation 
between subjects with ASD and control subjects. In contrast, Perry 
et al. [25] found that subjects with ASD show decelerated 
habituation, speculating that reduced habituation might lead to 
behavioral and cognitive deficits in autism. However, their sample 
comprised only male subjects with ASD, while the current study 



examined men and women with HFA. Then again, previous 
studies found reduced habituation to acoustic stimuli in children 
with autism [45] and at high risk for autism [46] . A cross-sectional 
questionnaire study found that less developmentally mature 
children with autism and other developmental disorders exhibited 
the highest rates of sensory processing difficulties [47]. Perhaps, 
habituation to sensory stimuli is associated with mental age, 
explaining normal habituation rates in normally intelligent adults 
with HFA. 

Study limitations 

Some factors might limit the degree to which the findings of the 
present study can be generalized. The determination of unim- 
paired hearing, potential psychiatric and neurological disorders as 
well as use of medication relied on self-report only. Therefore, 
information might be incomplete or unreliable. Seven HFA 
subjects reported an additional mental disorder. Studies consis- 
tently reported no alterations of PPI in depression and ADHD 
[48]. In bipolar disorder, PPI was found to be state dependent, 
while evidence regarding PPI deficits in anxiety disorders is still 
poor [48]. Although unlikely it can thus not completely be ruled 
out that comorbid disorders had an effect on sensorimotor gating. 
Drug intake of some participants in both groups might have 
influenced PPI, but here too an influence is more unlikely as 
animal and human studies showed that antidepressant drugs do 
not alter PPI [49]. However, evidence regarding the effects of 
other drugs, such as beta blockers, on PPI is still poor. In order to 
rule out such effects, subjects with comorbid psychiatric or 
neurological disorders and with drug intake should be excluded for 
less ambiguous results. Further, the mean PPI value of the healthy 
control group was relatively low compared to previous studies, 
which report PPI values between 40 to 80% in 90% of healthy 
adults [22]. Therefore there is a chance that comparison of control 
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group and HFA group did not significandy differ due to relatively 
low PPI in controls. 

Conclusions 

While the results indicated no sensorimotor gating deficits, 
analysis of starde amplitudes revealed abnormalities in terms of 
exaggerated startle reaction in subjects with HFA. Individuals with 
HFA showed higher startle amplitudes than NC subjects, but 
exhibited similar rates of PPI and habituation of startle. These 
findings argue for functional pathophysiology on the level of the 
primary starde pathway, involving structures such as the caudal 
pontine reticular nucleus and ventrolateral tegmental nucleus in 
HFA. In contrast, the PPI circuit, including the pedunculopontine 
tegmental nucleus and inferior and superior colliculi, seems to be 
unimpaired. 

Therefore, the extreme responses in individuals with autism to 
sensory stimulation that were already observed by Kanner in 1 943 
[1] are probably mainly due to a general hypersensitivity, but not 
difficulties in sensorimotor gating. Individuals with autism thus 
show unimpaired habituation of sensory stimuli and unimpaired 
transformation of these stimuli into motor action, while generally 
exhibiting more pronounced motor responses to sensory input in 
comparison to the healthy population. 

The present study is the first to demonstrate normal PPI and 
habituation in a sample of adults with high-functioning autism. In 
consideration of previous studies, this finding suggests that 
sensorimotor gating deficits are not a distinctive feature of autism, 
but rather occur only in certain subgroups. For example, Yuhas 
et al. [28] found attenuated PPI in subjects with autism and 
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